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The case of uranium is especially interesting on account 
of two points. The existence of non-separable activity con- 
sisting entirely of a rays, as in the case of thorium. The 
non-existence of ~t rays in the rad ia t ion& uranium X. 
This is probably an example of a general law that each type 
of radioactive maiter when got by itself, free from the 
matter which produced it on the one hand and the products 
of its further change on the other, gives rise to homogeneous 
rays, and that in all cases the a ray is the first to be produced, 
the/3 ray only resulting in the final stages of the disintegra- 
tion. Uranium gives more definite evidence on this point 
than thorium, because the period of the change is long enough 
and the experimental analysis simple enough to enable the 
chemical separation of the dit~rent types of matter involved 
to be fairly complete. The suggestion was put forward in 
the first paper on thorium (Phil. Mag. 1902, iv. p. 392) that 
the non-separable activities of thorium and uranium re- 
spectively might possibly be caused by the simultaneous 
production of a second type of matter in the changes in which 
thorium X and urani~lm X are produced. Later (ibid. p. 584) 
it was shown that this explanation is not necessary when 
radioa.ctivit)~,,:is considered as an accompaniment of the change 
occurring. This explanation has now been adopted, but a 
fuller discussion of the nature of radioactive change is reserved 
until after the case of radium has been dealt with. 

McGill University, Montreal, Feb. 20, 1903. 

XLIV. A Comparative Study of the Radloactivlt:q of Radium 
and Thorium. B.y E. RUTBSRFORD, ~[.A., D.Sc., Macdonald 
Professor of Physics, McGiU Universlty, and F. SODDY, 
M. [4. (Oxen.) *. 

w 1. T H E  elements thorium and radium are very closely 
1 _  allied in radioactive properties, notwithstanding 

the enormous difference that exists in their relative activity. 
Both produce radioactive emanations, and both emanations 
in turn excite activity on surrounding objects, which in an 
electric field is mainly concentrated on the negative electrode. 
In the details of their properties, however, they differ very 
widely; so that the behaviour of a radium comi3ound , com- 
pared with that of thorium under similar circumstances, often 
exhibits very striking peculiarities. The explanation already 
advanced for the case of thorium elucidates satisfactorily 
everything that has so far been observed for radium; and, 

�9 Communicated by the Authors. 
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knowing the time constants of the processes involved, it is 
possible to predict from general principles the whole course 
of any series of changes of the radioaetivi U of radimn under 
any given conditions. The main point of distinction is in the 
rate at which the emanations in the two cases lose their 
activity. The intensity of the radiation from the thorium 
emanation falls to half value in one minute, while that of the 
radium emanation falls to half value in about foul- days. In 
one case, therefore, the change occurs about 6000 times faster 
than in the other. 

On the other hand, the excited activity from radium decays 
much faster than that produced from thorimn. The former 
is almost inappreciable a few hours after the removal of the 
exciting cause, whereas the latter continues for several days. 
In the case of radium the emanation and the excited activity 
produced by it contribute the major proportion of the total 
activity, while in the case of thorimn these effects are, for 
various reasons, not so marked. 

The experimental analysis of the processes that give rise to 
the radioactivity of radiu]n have so far not "iven any evidence , g 

of the existence of a stage corresponding to that of thorimn X 
in the case of thorium. It will be recalled that the first stage 
in the disb~tegration of thorium is not directly into the 
emanation, but into an intermediate system named Thorium X. 
which then gives rise to the emanation by further change. In 
the case of radium it has not yet been found possible to 
separate any system intermediate between the radium and the 
radimn emanation. From analogy to thorium one would 
expect that a Radium X or RaX, analogous to ThX, existed ; 
but the quantity of radium at our disposal has been too small 
to enable us to obtain a definite answer to this question. 

After the removal of ~.;he emana6on and excited activity 
radium retains about 25 per cent. of its normal activity, which 
is not affected by chemical processes, and constitutes a "non-  
separable " activity, analogous to that possessed by thorium 
and uranium. But whether this isin reality the non-separated 
activity of "Radium X "  superimposed on the true non- 
.~eparable activity has not yet been. determined.. . . 

In the present paper the radloactlwty has been examined 
in detail, and the results are in accordance with the view that 
the radium is changing spontaneously at a constant rate into 
the radium emanation, whose further changes give rise to the 
phenomenon of excited activity. In addition, the compa- 
rative study of the two emanations has settled some points 
lef~ over in the discussion (Phil. Mag. 1902, iv. p. 582) of the 
nature of the emanating-power of thorium (see w 3). 
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w 2. Rate of.Decay of the Activity of the Radium Emanation. 
It has long been known that the activity of the radium 

emanation decays very slowly, and special methods were 
found necessary~for its determination. The emanation mixed 
with air was obtained from a solution of radium chloride kept 
in a closed bottle, and was stored over mercury in an ordinary 
gas-holder. From time to time equal quantities were mea- 
sured off by a gas pipette and delivered into the testing- 
vessel. The latter consisted of an air-tight brass cylinder 
carrying a central electrode insulated by an ebonite stopper 
provided with a guard-ring connected to the earth. A 
sufficient voltage to obtain the saturation-current was applied 
to the outside of the cylinder, and the inner electrode was 
connected with the electrometer, with a suitable capacity in 
parallel. The contents of the gas-holder were thoroughly 
mixed by shaking, and a definite volume measured off b)" the 
pipette and blown into the cylinder which was then closed 
air-tight. The ionization-current immediately after the intro- 
duction of the emanation furnished the measure of the activity 
of the latter. The measurements were repeated at suitable 
intervals over a period of 33 days before the effect became 
too small to be accurately determined. 

The fellowing table expresses the results : - -  

Time in Hours. Relative Activity. 
0 100 

20"8 85"7 
187"6 24"0 
354"9 6"9 
521'9 1"5 
786"9 0"19 

It will be seen that the activity falls in a geometrical pro- 
gression with the time and decays to half value in 3"71 days. 

If Io is the original activity and I t the activity after time t, 

It =e_~t.  
Io 

Taking as the value of ~. the mean value deduced from the 
last four observations of the above table, we find 

X=2"16 10-~- - 1 

when t is expressed in seconds. 
In these measurements the effect of excited activity was 

eliminated by taking the current immediately after the intro- 
duction of the emanation into the cylinder. In a closed space 
the ionization-current steadily increases after the introduction 
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of the emanation, very rapidly at first and then more gradually 
until it attains a maximum after 5 or 6 hours nearly twice 
as great as at first, and then decreases according to the above 
law of the decay of' the emanation. If  when the maximum is 
attained the emanation is blown out of the testing-vessel the 
excited activity remains, representing about one-half of the 
total activity, concentrated on the negative electrode. In 
the actual measurements it was usual to take a series of 
readings at regular short intervals after the introduction of 
the emanation. The proportion of the current due to the 
emanation could be easily deduced from these readings, for 
the proportionate increase due to excited activity is for any 
given interval independent of ~he quantity and " age"  of the 
em~mation, and is t-he same throughout the whole series of 
measurements. 

During the progress of the work a very similar result to 
the one above given for the rate of decay of the radium 
emanation has been published by P. Curie (Comptes Rendus, 
1902, cxxxv, p. 857) under the title " On the Time-Constant 
characteristic of the Disappearance of Radioactivity induced 
by R~tdiurn in a Closed Space." It is an interesting example 
of how a measurement of the rate of decay of the excited (or 
induced) activity in a closed space containing the radium 
emanation gives in reality the rate of decay of the latter, and 
not of the excited activity at all. The latter decays at the 
same rate in the fl'ee air as when sealed up in glass. 

M. Curie measured the penetrating radiation emitted from 
a sealed glass tube containing the radium emanation ; and 
since the latter gives no penetrating rays (compare w 5), the 

( : ~  . �9 

effect measured was solely due to the excited activity on the 
walls produced by the emanation. As we have seen, after an 
initial period of some hours this effect attains a maximum, 
and then represents the equilibrimn-point when the decay of 
excited activity is balanced by the continuous production of 
fresh active matter from the emanation. As the activity of the 
emanation decays, so also does i~s power of exciting activity 
decrease in like ratio. Hence the excited activity in a closed 
tube containing the radium emanation furnishes a measure of 
the activity of the emanation itself. After the initial period 
of a few hours has elapsed, its constant of decay is the same 
as that of the emanation. If at any time the emanation is 
blown out of the tube, the rate of decay changes at once to 
the time-rate of decay of the excited activity, as M. Curie's 
experiments themselves show. 

M. Curie performed his experiments under the most varied 
conditions and the rate of decay of the activity was unaffected 
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in all cases, as we have already shown for the thorium 
emanation. . . .. M..Curie, however, apparently overlooked the 
mlhal period of increase, and states that the rate of decay is 
uninfluenced by an alteration of the time of " activization" 
(or exposure to the original radium) from 15 minutes to one 
month. As we have seen, for any period under 5 or 6 hours 
the excited activity will increase at first instead of decaying, 
and for a period as short as 15 minutes this effect would be 
very marked. This increase of activity, due to the steady 
production of excited activity when the emanation is trans- 
posed from one vessel to another, is of course only one example 
of many similar ones that have now been accumulated. But 
it would be difficult to get in any single experiment a better 
illustration of the real natm'e of the phenomena occurring in 
radioactivity. A quantity of the emanation is removed from 
the radium that produced it, and, mixed with air, is stored 
like an ordinary gas over mercury in a gas-holder. Several 
weeks after, it may be, a portion is removed to a new vessel, 
when its activity is found to rise�9 steadily .t~ double its original 
value in the course of a few hours, showing that all the time 
it has been manufacturing out of itself the fresh active matter 
which causes the excited activity. When the maxinmm is 
reached, it is not because the process of manufacture has 
stopped, but because an equilibrium has been reached between 
the rate of supply of new active matter and the rate of decay 
of that already deposited. 

w 3. The Occlusion of the Emanations. 

In the solid state radium compounds give out so small an 
amount of emanation that special methods must be employed 
to detect it.  As in the ease of thorium compounds, heat or 
moisture, but especially solution in water, increases the 
emanating-power of radium; but these effects are far more 
marked in the latter case. The same considerations app}y 
equally to the power of radium to excite or induce activity oil 
bodies in its neighbourhood; for the activity excited under 
any conditions is proportional only to the amount of emanation 
present. These variations in the power of exciting activity 
in radium compounds were observed by Dorn and by M. and 
Mine. Curie. 

Radium compounds can be de-emanated by ignition, and 
the de-emanated compounds recover their power as soon as 
they are brought into solution, exactly in the same manner 
as we have shown for thorium compounds (M. and Mine. 
Curie, Comp. l~end, cxxxiv, p. 85, 1902). It may be stated 
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generally that the emanating-powers of both radium and 
thorium are at a practical maximum in solution. 

The question arises as to what the variations in emanating- 
power (i. e. the amount of emanation produced per gramme 
per second) are due. It was pointed out in the case of thorium 
that they can be interpreted in two ways. Either an alte- 
ration in the velocity of the reaction producing the emanation 
occurs, or the same amount is produced in all cases but the 
time taken for the emanation to escape from the compound is 
diftbrent under diffbrent circumstances. This question, which 
is of comparatively secondary importance in the case of 
thorium, becomes of paramount importance in the case of 
radium. For since the radium emanation loses its activity 
only after a period of several weeks, the view that the 
emanation is being continually produced at a constant rate 
necessitates the conclusion that there must exist in a solid 
non-emanating radium compound a large amount of emanation 
stored up or "occluded" in the compound. This will be 
given up when the substance is dissolved, so that there should 
occur a sudden " r u s h "  of emanation from the solution very 
much greater than the amount subsequently produced. 
Assuming that in a solid radium salt no emanation escapes, 
and that in the same salt when dissolved the emanation 
escapes as fast as it is formed, it is easy to calculate the ratio 
of the amount given off on the solution in the first " r u s h "  to 
the amount given off in any subsequent period. 

Let ri0=the number of particles of emanation produced 
per second by a given amount of radium. 

N0=the number of particles stored up in the same 
quantity in the solid state. 

No represents the equilibrium state when the rate of pro- 
duction of fresh particles of emanation is balanced by the 
rate of change of those already present. If  the process of 
production were stopped, the number lgt left at'ter the time t 
would be given by 

N t = N0 e-~t, 
where X is the constant of decay of the activity of the 
emanation. The rate of change 

dNt 
- -  = - - X N t .  
dt 

At the equilibrium point therefore 

70 =XNo, 

No __ _1 =463,000, 
7o X 

substituting the value of X found in w 2. 
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The amount of emanation stored up in a non-emanating 
radium compound should therefore be nearly 500,000 times 
the amount produced per second. This result was tested in 
the following way. "03 gr. of solid radium chloride, of 
activity 1000 times that of uranium, was placed in a Drechsel 
bottle, and sufficient water drawn in to dissolve it. The 
released emanation was swept out by a current of air into a 
small gas-holder and thence into a large testing cylinder. 
The maximum ionization current observed immediately after 
the introduction of the emanation is proportional to No. 

A rapid current of air was then drawn through the radium 
solution for a few minutes, and the Drechsel bottle was then 
closed air-tight for a definite time, viz. 105 minutes. At the 
end of this period the accumulated emanation was again swept 
out as before and transferred to the testing vesse]. The new 
ionization current represents N t the amount of emanation 
produced in the time t. 

No, the amount occluded, gave 4"46 divisions of the electro- 
meter per second with a capacity "494 microfarad in parallel. 

Nt, the amount produced in 105 minutes, gave 5"48 divs. 
with a capacity "00526 microfarad. 

Thus N~'t ='0131. 

Assuming there is no decay during the interval, 

N~ = 105 x 60qo. 

Thus N'--2' = 480,000, 
qo 

oorrection for the decay during the 

N4j =477,000. 
q0 

We have previously shown that from theory 

No -_ 1 = 463,000. 
q0 

The agreement between theory and experiment is thus as 
close as could be expected, and is an interesting example of 
the way the processes occuring in radioactive bodies may be 
brought to the test of quantitative experiment. 

This experiment proves conclusively that the production of 
emanation occurs at the same rate in a solid non-emanating 
radium compound as in the solution. In the former case it is 
occluded, in the latter it escapes as fast as it is produced. 
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An experiment gave as the value of the emanating-power 
of solid radium chloride in a dry atmosphere less than half 
per cent. of the emanating-power of the solution; or to express 
the result in another way, the amount that escapes per second 
is less than 10 -s of that occluded in the compound. Moisture, 
however, increases it many times. 

Exactly the same consideration applies to the case of 
thorimn. If  the manufacture of the thorimn emanation pro- 
ceeds under all circumstances at the st~me rate, the solution of 
a solid non-emanating thorium compound should also be 
accompanied by a " rush " of emanation at first greater 
than the amount obtained subsequently. But here the very 
rapid rate of decay of the emanation will make the effect less 
marked. For the case of the thorimn emanation 

:No_ 1 =87.  

It has been shown that thorium nitrate in the solid state 
only possesses ~ part of the emanating-power of the same 
compound in solution. A quantity of finely powdered thorium 
nitrate was dropped into a Drechsel bottle containing hot 
water and the emanation immediately swept out into the 
testing vessel by a rapid current of air. 

The ionization current in the vessel rose to a maximum, 
and then fell again immediately to a steady value, showing 
that the amount of emanation released when the nitrate dis- 
solves is greater than the subsequent amount produced by 
the solution. The rapid rate of decay renders a quantitative 
comparison difficult. By slightly altering the arrangement 
of the experiment, however, a definite proof was obtained that 
the rate of production of emanation is the same in the solid 
compound as in the solution. After dropping in the nitrate, 
a rapid air-stream was blown through the solution for 
25 seconds into the testing vessel. The air-stream was 
stopped and the ionization current in the testing vessel im- 
mediately measured. The solution was then allowed to stand 
~br 10 minutes undisturbed, in which time the accumulation 
of the emanation in the Drechsel bottle again attains a 
practical maximum and again represents the steady state. 
The air-stream was then blown through as before for 25 
seconds, stopped, and the ionization current again taken. 
In both cases the electrometer recorded a deflexion of i00 
divisions in 6"8 seconds. By blowing the air continuously 
through the solution the deflexion observed when a steady 
state was reached was 100 divisions in 12"6 seconds, or 
about one-half of that observed after the first " rush." 
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In the case, therefore, of both thorium and radium the 
manufacture of emanation takes place at the same rate in 
non-emanating as in highly emanating compounds. 

The effect of heating solid non-emanating radium com- 
pounds is precisely analogous to the effect of dissolving 
them. It  has long been known that the emanating-power 
of solid radimn preparations is increased to the order of a 
hundred thousand times by heat. As in the case of solution, 
the occluded emanation is liberated ; and when this has passed 
off the effect again fails to a value approximatin, g the true 
emanating-power, i. e. the amount of emanatton produced 
per second. 

A compound like thorium oxide, possessing in the solid 
state one-third to one-fourth of the emanating-power of the 
amount of thorium in solution, has its emanating-power 
increased 3 or 4 times at a dull red heat. A compound like 
the hydroxide or carbonate, on the other hand, which pos- 
sesses as much emanating-power in the solid state as when 
dissolved, does not suffer much increase of emanating-power 
with rise of temperature. 

The changes of emanating-power that are produced in 
thorium and radium compounds by ignition, moisture, solu- 
tion, &c., are therefore to be ascribed solely to changes in 
the rate of escape of the gaseous emanation into the sur- 
rounding medium from the substance producing it. This 
result is of great importance in the general theory of radio- 
activity, for it brings into conformity what might otherwise 
have been regarded as an exception to the view that the 
processes which maintain radioactivity lie outside of the 
sphere of known molecular forces. 

Attention may here be drawn to the fact that the general 
phenomenon of occlusion of a gas by a solid is not connected 
at all with the radioactive properties of the matter in question, 
although in the present instances radioactivity has furnished 
a convenient means of accurately studying the problem. The 
helium is given off from the mineral fergusonite, for exampl% 
in part when it is heated, and completely by dissolving the 
mineral. 

It is therefore to be expected that if any of the unknown 
ultimate products of the changes of a radi(iactive element are 
gaseous, they would be found occluded, possibly in consi- 
derable quantities, in the natural minerals containing that 
element. This lends support to the suggestion already put 
forward (Phil. Mag. 1902, iv. p. 582) that possibly helium is 
an ultimate product of the disintegration of one of the radio- 
active elements, since it is only found in radioactive minerals. 

Phil. Mag. S. 6. Vol. 5. ~No. 28. April 1903. 2 H 
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w 4. The Influence of the Emanation on the Radioactivitq 
of Radium. 

The converse of the changes that occur when a solid radium 
preparation is dissolved in water has now to be considered. 
One of the earliest facts observed in connexion with radium 
was the steady increase of its activity after preparation 
(Giesel, Wied. Ann, vi. a p. 91, 1899). Consider the case 
of a preparation of radimn that has been kept for some 
time in solution in the open air and then evaporated to 
dryness. The emanation that before escaped is now occluded, 
and the gradual accumulation of the emanation and of the 
excited activity it produces causes a gradual increase of the 
activity of the preparation until a maximum is reached some 
weeks after. A solid compound of radium, on the other 
hand, that is dissolved and then immediately evaporated to 
dryness, loses its occluded emanation, but retains the excited 
activity that the latter has produced. Hence in this case 
there will occur a fairly rapid decrease at first as the excited 
activity decays, followed after a few hours by a slo~,~T increase 
as before, due to the production and occlusion of fresh 
emanation. 

Again, apart from the consideration of the possible exist- 
ence of RaX analogous to ThX, the general analogy to 
uranium and thorium would lead us to expect that the 
removal of the emanation and excited activity will not 
entirely remove the radioactivity. A certain propm~ion of 
the total, constituting a non-separable activity, will remain. 

These considerations are borne out by experiment. Radimn 
chloride was dissolved in water and a current of air aspirated 
through the solution. After a few hours the radioactivity of 
the salt obtained fl'om the solution was found to have been 
reduced to a minimum; and longer aspiration over three 
weeks did not affect it. This is the non-separable activity. 
The solutions were evaporated to dryness, and the course of 
the recovery of the activity observed over a period of three 
weeks, after which the activity remained constant, at about 
four times the original value. 

The following table expresses the results : - -  
]~eI'een tag'e 

Time in Days. Activity. Activity Recovered. 
0 25"0 0 
0"70 33"7 11"7 
1"77 42"7 23"7 
4-75 68"5 58"0 
7"83 83"5 78"0 

16"0 96"0 (35"0 
21"0 100"0 100"0 
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In the second colunm the final activity is taken as 100" 
]n the third column the proportion of the lost activity 
regained is tabulated. These results are shown graphically 
(curve A). The curve B shows the decay of activity of 
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the emanation drawn from the table in w 2. The two 
curves are quite analogous to those obtained for the decay 
and recovery of UrX and ThX respectively. The proportion 
of the activity regained after an interval t is given by 

~ t  t h~ 

where ~ is the coeiiqcient of decay of activity of the radium 
emanation. The curve of recovery of the activity of radium 
can thus be deduced if the rate of decay of the emanation is 
known. In these experiments the non-separated activity was 
25 per cent. of the final activity. The activity of the emana- 
tion, together with the excited acti~ity it produced, made up 
the other 75 per cent. 

The above equation is only approximate owing to the 
existence of a period of retardation of a few hours, due to the 
time taken for the excited activity to reach a steady value 
for any given quantity of emanation present. It is, how- 
ever, too small to affect the results appreciably and may be 
neglected. 

Somewhat similar experiments were performed for thorium. 
A sample of thorium hydroxide of high emanating-power 
was ignited over a blast-lamp and converted into the de- 
emanated oxide. Its radioactivity was found to rise m 

2 H 2  
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consequence about 20 per cent. in three days, and remained 
constant at the higher value. 

In tile converse experiment the thorium hydroxide was 
kept for three days in liquid air, i.e. under conditions where 
its emanation is condensed and produces the excited activity 
in the compound itself. It was spread on :1 plate and its 
activity found to decrease about 12 per cent. after a few days. 
These results are to be expected if the rate of production'of 
emanation is constant and independent of chemical or physical 
conditions. When the emanation is prevented fi-om escaping, 
its activity, and also the excited activity produced by it, 
cause an increase in the intensity of the radiations emitted. 
In the second ease, the activity decreased, since some of the 
emanation escaped fl'oln the compound at ordinary tempera- 
tures, and, in eonsequene% some of the excited activity 
deposited in th(' compound gradually decayed. 

w 5. The Radiations of Radium. 
]iadium, like thorium and uranium, emits two types of 

radiation, the a, or easily absorbed rays (deflectible in x~ery 
intense magnetic fields); and tile /3, or penetrating rays, 
readily deviated in a magnetic field. It also emits some very 
penetrating rays. which, howeve b have not yet 1)eeu fifll~" 
investigated. The non-separable activity of radium, whic}l 
remains after the emanation and excited activity have been 
removed, consists only of a rays, the /3 radiation being less 
than 1/200 of the amount normally present. In this respect 
the three radio-elements are analogous. 

The radiation from the radium emanation was tested bv 
introducing it in a eylinder made of copper-~heet "(;05 cm. 
thick~ which absorbed all the a rays and allowed the N rays 
to pass through with but little loss. The external radiation 
from this cylinder was determined at intervals commencing 
about 2 minutes after the introduction of the emanation. 
The amount at first observed was extremely small, but in- 
e?e',se(I rapidly and reached a practical maximmn in 3 or 4 
hours. Thus the radimn emanation also only gives a rays, 
the 2 rays appearing after the latter has changed into the 
excited activity. On sweeping out the em:mation from the 
cylinder by a current of air there was no appreciable decrease 
of the radiation immediately, but the radiation commenced 
to dec:ty rapidly with the time, falling to half value in about 
30 minutes. A similar result has been obtained by P. Curie. 

Attention has been called (Rutherford, Phil. Mag. Jan. 
1903) to tile irregular eharacter of the eurve.~ of decay of 
both thorium- and radium-excited activity, as measured by 
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the a radiation, and the view was put forward that this stage 
probably represents a double change in the case of .thorium, 
and a treble change in the case of radium. In tile latter 
there is (for a short exposure to the emanation) a very rapid 
decrease for the first 10 minutes to about 20 per cent. of the 
original value, then a period of very slow change, and then 
It more regular decay in which the remaining activity falls to 
half value in about 30 minutes. 

Now the decay curve of the /~ radiation of the radimn- 
excited activity shows a fifirly regular decrease to half value 
in 30 minutes. Hence there is strong evidence that the 
rays are not given out in the first change of tile excited 
activity, but only in the second or third change. 

Radium therefore fully supports the view already advanced 
that the a rays are in all cases the first to be produced, the 
rays only resulting in the last stages of the process that can 
be experimentally traced. 

~;. 7'he Chemical _~atu~.e of the Radium Emanation. 

The experiments already described on the chemical nature 
o[ the thorium emanation were repeated for that of radimn. 
As in the former case all the reagents tried were without effect. 
's emanation passed unchanged through phosphorus pent- 
oxide, sulphuric, nitric, and hydrochloric acids, and over red- 
hot lead chronmte and metallic magnesium. Water does 
not dissolve the emanation appreciably, and the activity of 
the water is solely due to the presence of the excited activity. 
The emanation in both dry and moist atmospheres is un- 
affected by passage through a platinum tube electrically heated 
to the point of incipient fusion. An interesting effect, how- 
ever, was observed as the temperature approached a white 
heat in this experiment. 

The ionization current due to the emanation decreased with 
rise of temperatur% but returned to its original value when 
an increased voltage was applied sufficient to give a saturation 
current through the gas. This effect is due to fine t)latinum 
dust given off from the white-hot platinum, and is quite 
analogous to that of tobacco-smoke observed by Owens (Phil. 
Ma~. 1899, xlviii, p. 377) in this laboratory. 

The condensation of the radioactive emanations of thorium 
and radimn at the temperature of liquid air (Prec. Chem. 
Soc. 1902, p. 219) will be dealt with in detail in a separate 
communication. 

McGill Uni,cersity, Montreal, 
Feb. 20~ 1903. 


